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RECEIVE VEHICLE OPERATION DATA
210
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PROCESS VEHICLE OPERATION DATA TO DETERMINE
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Figure 2
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DRIVING REPORT 400
Name: Performance Score:
Email; Previous Score:
Vehicle Identifying Information:
Time Period 410 420
Indicator
430

Figure 4
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Figure 5
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DRIVER, VEHICLE, AND OPERATIONAL
ANALYSIS

RELATED APPLICATIONS

This application is related to, and is a continuation in part
application of, and claims priority to, U.S. patent application
Ser. No. 14/100,933 filed Dec. 9, 2013, entitled “Driver Per-
formance and Consequence,” which is a continuation-in-part
of U.S. patent application Ser. No. 12/902,087 filed Oct. 11,
2010 entitled “Systems and Methods for Vehicle Performance
Analysis and Presentation,” which claims priority to U.S.
Provisional Patent Application No. 61/253,333, entitled
“Systems and Methods for Vehicle Performance Analysis and
Presentation” filed on Oct. 20, 2009, which are all hereby
incorporated by reference in their entirety.

TECHNICAL BACKGROUND

Performance monitoring tools are commonly used to
assess the operation of a vehicle, such as an automobile,
airplane, or the like. Such tools analyze the performance of
the vehicle and the various internal systems which make up
the vehicle. In addition, the monitoring systems may assess
the behavior of the person operating the vehicle and gather
data information pertaining to how that person is operating
the vehicle. These assessments may be achieved in both real
time and non-real time manners.

Most newer cars and trucks contain On Board Diagnostics
(OBD) systems which provide some level of self-diagnostic
and information reporting capability. OBD systems were
originally developed to be used during the manufacturing and
test processes. However, the capabilities of these systems and
their uses have expanded dramatically since that time. Cur-
rently, OBD systems give repair technicians, vehicle owners,
and emissions testing agencies electronic access to state of
health and operational information pertaining to many differ-
ent vehicle subsystems. Historically, many vehicle functions
like braking, speed indication, and fuel delivery were per-
formed by mechanical systems and components. Presently,
many of these vehicle functions are controlled or monitored
through electronic means, thereby making electronic infor-
mation about the performance and operations of those sys-
tems readily available. It is now possible to electronically
monitor tens, if not hundreds, of operational characteristics of
a vehicle using OBD systems.

While OBD is a generic term referring to any of a class of
systems which provide these reporting capabilities, there are
industry standard implementations which provide for stan-
dardized connectors, pinouts, and signal characteristics,
among other things. Currently, the most prevalent system is
the OBDII system. OBDII provides access to a wide range of
data from the engine control unit (ECU) as well as other
vehicle systems. The system offers standardized methods for
requesting various diagnostic data as well as a list of standard
parameters which may be available from an OBDII system.

The present invention is discussed and explained with
respect to its interaction with the OBDII system but is not
limited to operation with an OBDII system. The present
invention encompasses operation with other versions of the
OBD system, past and future, as well as other vehicle data
interfaces which provide similar vehicle operation data.

Driver behavior and the potential for vehicle accidents has
been a longstanding concern. In recent years, driver behavior
has garnered additional attention in various media outlets. In
particular, some media have reported on the impact of new
communication technologies, such as cell phones and text
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messaging, on driver behavior. It has been shown that engag-
ing with these technologies while operating a vehicle can
have significant adverse eftects. Furthermore, tired or dis-
tracted driving can be very dangerous. There are various
systems and algorithms for identifying this.

Consequently, business owners and government agencies
who have drivers operating vehicles on their behalf have
heightened concerns about the driving behaviors of their driv-
ers and the ensuing risks which may be associated with those
behaviors. Parents may be concerned about the driving
behaviors of their children and wish to affect those driving
behaviors for similar reasons.

In addition to affecting the risks of an accident, driver
behavior may have other important cost and environmental
impacts as well. For example, rapid or frequent acceleration
of a vehicle may result in less efficient fuel consumption or
higher concentrations of pollutants. In addition, hard braking
orexcessive speed may result in increased maintenance costs,
unexpected repair costs, or require premature vehicle replace-
ment.

OVERVIEW

In various embodiments, systems, software, and methods
are disclosed for operating a driver analysis system to analyze
driver behavior and providing a presentation of this informa-
tion. In an embodiment, software and a method of operating
a driver analysis system comprises receiving vehicle opera-
tion data corresponding to operation of one or more vehicles
operated by one or more drivers by the driver analysis system,
generating a driving report which identifies the driving per-
formance of a target driver, and presenting the driving report
for viewing by one or more entities, wherein the vehicle
operation data comprises an indication of eye movement
index of the target driver.

In another embodiment, a driver analysis system a com-
munication interface configured to receive vehicle operation
data corresponding to operation of a one or more of vehicles
operated by one or more drivers, an imaging device config-
ured to determine eye movement of the one or more drivers, a
processing system configured to process at least a portion of
the vehicle operation data or the eye movement to determine
driving performance of the one or more drivers, and generate
a driving score which generally identifies the driving perfor-
mance of the one or more drivers, wherein the processing
system is further capable of presenting the driving perfor-
mance for the one or more drivers.

In another example embodiment, vehicle operation data is
received at a communication interface in the driver analysis
system over the internet from monitoring systems located on
board the vehicles. The driver analysis system processes the
vehicle operation data to determine driving performance of
the target driver relative to driving performance of a peer
group, generates a driving report which identifies the driving
performance of the target driver, and transfers the driving
report from the communication interface for delivery to a
target device.

In another example embodiment, the monitoring systems
which gather vehicle operation data are powered through an
OBD port on each vehicle. The monitoring systems gather
some of the vehicle operation data from the OBD port and
gather other vehicle operation data from a source other than
the OBD port.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a driving report system.
FIG. 2 illustrates the operation of a driving report system.
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FIG. 3 illustrates a driving report system.

FIG. 4 illustrates a driving report.

FIG. 5 illustrates a driving report.

FIG. 6 illustrates a driving report system.

FIG. 7 illustrates a driving report system.

FIG. 8 illustrates the travel log portion of a driving report.

DETAILED DESCRIPTION

FIGS. 1-8 and the following description depict specific
embodiments to teach those skilled in the art how to make and
use the best mode of the invention. For the purpose of teach-
ing inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these embodiments that fall within the scope
of the invention. Those skilled in the art will appreciate that
the features described below can be combined in various ways
to form multiple embodiments and variations of the inven-
tion. As a result, the invention is not limited to the specific
embodiments described below, but only by the claims and
their equivalents.

The possibility of accidents is always a concern when
operating a motor vehicle. Accidents can cause injuries, prop-
erty damage, financial loss, and business disruption. Studies
have shown that increased use of mobile phones, texting, and
other electronic device use by drivers increases these risks.
Furthermore, studies have shown that the amount that a driv-
er’s eyes move, the more alert they are. As eye movement
decreases, so does driver attentiveness. This may be caused
by a driver talking on a cell phone, drowsiness, driving in a
rural area, driver inexperience, impairment, or other reason.

Business owners have a vested interest in making sure their
drivers are exercising careful and responsible vehicle opera-
tion. Parents have similar concerns with respect to their chil-
dren.

In addition to increasing the risks of accident or injury,
aggressive or irresponsible driver behavior can have other
adverse affects. Excessive acceleration and excessive speed
can result in increased fuel costs, increased emission of pol-
lutants, and premature vehicle wear. Similarly, frequent hard
braking events may be an indicator that the vehicle is being
operated in a manner which increases costs or the risk of
accidents. In addition to causing premature wear, increased
maintenance costs, and increased fuel costs, these behaviors
may also lead to a shortened vehicle life and result in a need
for premature replacement of the vehicle.

Many studies have been done regarding driver attentive-
ness. During attentive operation of a vehicle, the eyes of a
driver move and focus rapidly on different area of the field of
vision, including the rear view mirrors, on either side of the
vehicle, and at various objects/area of interest in front of the
vehicle. When a driver’s gaze is fixed, or when the driver is
otherwise not attentive, the eyes of the driver do focus or
move about as rapidly. As the eyes of the driver move to focus
less, it is an indication of reduced attentiveness. This could be
because of a distraction, such as a cell phone, or wreck, but
also could be attributed to drowsiness, or alcohol or other
impairment.

For the reasons discussed above, it is desirable to gather
vehicle operation data in order to monitor driver behavior as
well as to formulate metrics which can be used to facilitate
improvements. Because no driver is perfect and because cir-
cumstances will always require drivers to occasionally brake
hard, accelerate quickly or engage in other similar driving
behaviors, it may be desirable to perform a comparison to
other drivers in similar circumstances to best identify realistic
objectives and target areas for improvement. There are many
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variables which affect operational behavior like driver expe-
rience, vehicle type, driving environment, and geographical
variations, as well as others. Therefore, driver behavior met-
rics are most meaningful and most fairly applied when a
driver is compared to other peer drivers who are operating
under the challenges of similar conditions.

Rather than simply punish drivers who exceed certain pre-
defined thresholds, it is beneficial to provide drivers ongoing
information about their driving performance and how that
driving performance compares to the performance of the driv-
er’s peers. This constructive feedback gives the driver suffi-
cient information to manage his or her driving behaviors in a
proactive manner and understand his or her performance rela-
tive to peers. It gives the driver an opportunity to make
improvements and see the results of those improvements.
Providing the information in a historical format allows drivers
to track their improvements over time.

Since driving conditions vary, incremental improvement of
every driving behavior metric during every time period may
not be realistic and some undulation is expected. For this
reason, it is desirable to also determine an overall driving
score which summarizes the driver’s overall performance for
the time period in the form of a single performance score. By
implementing a driver analysis system which provides this
information directly to drivers in a concise and summarized
graphical format, many drivers may be encouraged or moti-
vated to make improvements and will have the information to
track their progress without the involvement of or pressure
from their management.

FIG. 1 illustrates driving report system 100. Driving report
system 100 comprises driver analysis system 110 which
receives vehicle operation data 120 from multiple vehicles.
Driver analysis system 110 uses this data to generate driving
report 150 which is delivered to one or more entities 160.

Vehicle operation data 120 may be received from vehicle
monitoring systems associated with one or more vehicles.
Vehicle monitoring systems may include one or more devices
such as one or more smartphones, imaging devices, and other
devices capable of determined and/or sensing driver, vehicle,
and/or operational data. Vehicle monitoring systems may also
include a device which is powered by the OBD port, which
includes an accelerometer, GPS functionality, flash memory,
aprocessor, a real-time operating system, satellite communi-
cation capabilities, cellular communication capabilities, near
filed communication capabilities, and Bluetooth-type com-
munication capabilities. The imaging device may include a
camera, smartphone, or other device capable of sensing or
determining eye movement of the driver.

Driver analysis system 110 may analyze the data 120 and/
or other data from other sources, such as databases with
information about the driver experience, driver driving char-
acteristics, databases with information regarding speed lim-
its, and information such as characteristics of the area the
vehicles are driving in, and other databases, and create a
driving report 150. Driving report 150 may include an overall
safety score for the driver or vehicle, as well as an eye move-
ment index, and other information. The overall safety score
and the eye movement index may be created or determined by
the driver analysis system based at least in part on all of the
data received. The overall safety score may be based at least
in part on the eye movement index. The eye movement index
may be based at least in part on one or more of characteristics
of the target driver, information associated with the location,
and information associated with the eye movement of the
target driver, among other data.

FIG. 2 is a flow chart illustrating a method of operating
driving report system 100. Driver analysis system 110
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receives vehicle operation data 120 which is collected from
vehicle monitoring systems associated with multiple vehicles
driven by different drivers (step 210). Driver analysis system
110 may optionally identify a peer group of drivers associated
with the driver of interest, target driver 160. Next, driver
analysis system 110 processes the vehicle operation data to
determine the driving performance of target driver 160 (step
220). The performance may be relative to the driving perfor-
mance ofthe peer group. Driver analysis system 110 may then
generate driving report 150 which identifies the driving per-
formance of the target driver (step 230) and presents driving
report 150 to a target device for viewing or printing by target
driver 160 or other entity (step 240). The report includes the
driver’s performance in at least one category and may indi-
cate how that performance compares to that of the peer group.

FIG. 3 illustrates driving report system 300. Driving report
system 300 comprises a driver analysis system which receives
vehicle operation data from vehicle monitoring systems and
uses this data to generate a driving report which is delivered to
atarget driver or other entity over the internet or other means.

In FIG. 3, driver analysis system 310 receives vehicle
operation data from vehicle monitoring systems 321-323.
Vehicle monitoring systems 321-323 include one or more
electronic devices which are on board/adjacent each indi-
vidual vehicle and collect data about the operation of the
vehicle over a period of time. The data includes information
about how the vehicle is being used and the driver’s opera-
tional behavior characteristics.

Vehicle monitoring systems 321-323 may include one or
more devices such as one or more smartphones, imaging
devices, and other devices capable of determined and/or sens-
ing driver, vehicle, and/or operational data. Vehicle monitor-
ing systems 321-323 may receive information and power
from the OBD port of the vehicle. Vehicle monitoring systems
may also include a device which is powered by the OBD port,
which includes an accelerometer, GPS functionality, flash
memory, a processor, a real-time operating system, satellite
communication capabilities, cellular communication capa-
bilities, near filed communication capabilities, and Blue-
tooth-type communication capabilities. The imaging device
may include a camera, smartphone, or other device capable of
sensing or determining eye movement of the driver.

Periodically, each of the vehicle monitoring systems trans-
fers this datato driver analysis system 310. The vehicle opera-
tion data may include data relating to acceleration, speed,
braking, lateral acceleration, fuel consumption, emissions,
location, antilock braking system, driving hours, mainte-
nance, safety systems, eye movement, information about the
areas driven in, as well as potentially many other types of
vehicle diagnostics and information about how the vehicle is
being operated.

Upon receipt of the vehicle operation data from multiple
vehicles, driver analysis system 310 begins the process of
generating a driving report for a particular driver, target driver
or other entities 360. Driver analysis system 310 may also
receive information from other sources and databases includ-
ing databases with information about the driver experience,
driver driving characteristics, databases with information
regarding speed limits, and information such as characteris-
tics of the area the vehicles are driving in, and other databases
or other information.

In order to analyze the operation data and provide mean-
ingful and valid comparisons for target driver, driver analysis
system 310 may identifies a peer group of similar drivers to
target driver. This peer group may be determined based on
selecting other drivers who drive similar types of vehicles,
have similar driving assignments, have similar levels of expe-
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rience, drive in similar geographic areas, or other factors
which suggest useful comparisons.

Next, driver analysis system 310 processes the vehicle
operation data and/or other data to determine driving perfor-
mance of target driver. The driving performance may be rela-
tive to driving performance of the selected peer group based
upon the various types of operation and other data gathered.
One example is eye movement. Through the course of opera-
tion, vehicle monitoring systems 321-323 gather data for the
frequency of eye movement of the driver, as well as charac-
teristics about the area, phone usage, or other distractions.
Thresholds for various metrics may be set quite low so as to
capture events that are minor in nature. Relatively insignifi-
cant events may be useful in characterizing patterns of behav-
ior. While these minor events will happen occasionally with
all drivers because unexpected situations do occur, a higher
rate of these events may suggest excessive inattentiveness,
drowsiness, personal electronics usage, or other undesirable
behaviors.

In an example, driver analysis system 310 determines an
eye movement index for all drivers in the peer driver group.
For example, this may be determined as a rate—an average
eye movement for each hour of driving. Alternatively, it may
be determined as an absolute figure for a fixed time period—a
number of eye movements per day/hour, etc. Driver analysis
system 310 then determines the rate of occurrence for target
driver 360 in the same manner The performance of target
driver 360 may be compared to the average for the peer group
and may also be compared to other characteristics of the peer
group including, but not limited to, minimum, maximum,
best, and worst. Those skilled in the art will recognize there
are many other operational and behavioral parameters which
may be analyzed and many types of statistical analysis which
may be performed on the data. The invention is not limited to
the specific examples provided above.

Based on the results of the analysis, driver analysis system
310 generates driving report 350 which identifies the driving
performance of the target driver and may also include a com-
parison to the peer group. Driver analysis system 310 trans-
fers driving report 350 to a target device for viewing by target
driver or other entities 360 by sending it over network 380.

Entities 360 receives driving report 350 over network 380
and views it on a target device. The target device may be a
personal computer, mobile phone, mobile internet terminal,
or other type of electronic communication device. Driving
report 350 may be transmitted in the form of an email, text
message, or displayed on a web page, or any other method or
system. Driving report 350 may also be incorporated into a
software document, such as a MS Word file, a PDF file, a
Power Point file, or the like. In yet another example, the
analysis may be provided in a video format and played-out to
the user. An audio presentation of the analysis may also be
possible, such as by way of a voicemail message, a phone
recording, or the like.

Network 380 may include a wired or wireless network,
such as satellite, cellular, Wi-Fi, internet, Bluetooth-type,
near field communication-type, or any other type of network
or communication schema. Entity(s) 360 may include a
supervisor, driver, group, or other entities.

FIG. 4 illustrates an example driving report. In information
block 410, driving report 400 includes information identify-
ing the driver, the driver’s email address, the vehicle driven,
and the time period to which the report applies. Additional
information may be included to identify the vehicle including
make, model, license plate number, or other identifying infor-
mation. Block 420 includes the driver’s performance score
for the current period as well as the previous performance
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score. The performance score is a combined score which
represents an overall score based on the various individual
categories of operation characteristics, if more than one,
which are reported and considered. Driving report 400 may
also include multiple previous performance scores enabling
the driver to easily see the performance trend over time rela-
tive to other drivers.

In this example, driving report 400 includes one or more
indicators 430. Indicators 430 may indicate eye movement
index, or other indicator. Indicators 430 may also be capable
of indicating if a safety system has been tampered with,
bypassed, etc. The determination of tampering, etc. may be
based on vehicle operation data from various sources.

FIG. 5 illustrates an example of another driving report. In
information block 510, driving report 500 includes informa-
tion identifying the driver, the driver’s email address, the
vehicle driven, and the time period to which the report
applies. Additional information may be included to identify
the vehicle including make, model, license plate number, or
other identifying information. If the driver drove multiple
vehicles during the time period, each vehicle could be listed
and the consolidated information could be included on driv-
ing report 500.

Block 520 of driving report 500 includes the driver’s per-
formance score for the current period as well as the previous
performance score. The performance score is a combined
score which represents an overall score based on the various
individual categories of specific behaviors which are reported
and considered. Driving report 500 may also include multiple
previous performance scores such that the driver can easily
see the performance trend over time relative to other drivers.

In addition, driving report 500 includes detailed reporting
information on specific operational characteristics in blocks
530-560. Block 530 includes information on eye movement
index for the target driver. The number of eye movement
index events the target driver had in the reporting period is
compared to the average for the peer group as well as to the
drivers in the peer group who had the best and worst perfor-
mance for the time period as measured by number of events.
Rather than absolute quantity, the comparison could be based
on a rate such as eye movement events per hour, per week, or
per hundred miles driven. Block 520 also includes a historical
graphical representation illustrating the driver’s eye move-
ment index performance trend over time. Blocks 540, 550,
and 560 provide similar illustrations of reporting information
for rapid acceleration events, excessive speed events, and
number of night time driving hours.

Those skilled in the art will recognize there are many other
operational and behavioral parameters which may be ana-
lyzed and included in driving report 500. There are also many
types of statistical analysis which may be performed on the
data. The resulting driving information may be graphically
presented and displayed in many different ways. The inven-
tion is not limited to the specific examples and methods of
presentation provided in FIG. 5.

In addition to periodic driver reports, immediate alerts may
be generated and provided as well. For example, if a number
of hard braking events are detected beyond a threshold, the
user may be provided with an alert describing this driving
behavior. Such an immediate alert may resultin a reduction in
hard braking events, thereby increasing safety. The alerts may
be provided in real-time, but may also be provided some time
later after the events are detected.

FIG. 6 illustrates driving report system 600. Driving report
system 600 comprises a driver analysis system which receives
vehicle operation data from vehicle monitoring system and
other devices and sources through a wired or wireless con-

30

40

45

50

55

8

nection and uses this data to generate a driving report which
is delivered to a target driver over a network.

In the example in FIG. 6, driver analysis system 610
receives vehicle operation data from multiple vehicle moni-
toring system similar to that illustrated by vehicle monitoring
system 620. Vehicle monitoring system 620 is an electronic
device which is generally adjacent or coupled to vehicle 680
and collects data regarding the operation of the vehicle 680
over a period of time. Vehicle monitoring system 620 inter-
faces to and collects data from vehicle 680 through a connec-
tion between On Board Diagnostic (OBD) interface 624 and
OBD port 681. The OBD port is a standardized interface
which allows vehicle monitoring system 620 to capture many
different types of data from vehicle 680°s electronic and
engine management systems. Vehicle monitoring system 620
could also use and transmit information from a smartphone of
an occupant of the vehicle, or from a GPS system associated
with the vehicle, among other sources of data.

In addition to the operational data gathered through OBD
port 681, vehicle monitoring system 620 gathers operational
data from other sources as well, such as an imaging device,
and/or smartphone. In one example, vehicle monitoring sys-
tem 620 contains accelerometer 620 which is used to keep
track of the location and speed of vehicle 680. This location
and speed information may also be combined with the other
operational data gathered. Vehicle monitoring system 620
may gather location and speed information from other
devices such as a global position system (GPS) receiver. In
addition, vehicle monitoring system 620 may collect vehicle
operation data from other sensors or sources which are nei-
ther part of vehicle monitoring system 620 nor vehicle 680,
such as a personal communication device, such as a smart-
phone.

Vehicle monitoring system 620 could also include a global
positioning system (GPS) receiver, to receive and interpret
signals from positioning satellites to determine geographic
coordinates. In an example, vehicle monitor 620 includes an
accelerometer, GPS functionality, gyroscope, flash memory,
a processor, a real-time operating system, as well as cellular,
satellite, near filed communication capabilities, and Blue-
tooth-type communication capabilities.

Processing system 622 in vehicle monitoring system 620
receives, processes, and stores all of the gathered vehicle
operation data such that it can be transmitted at the appropri-
ate time. Vehicle monitoring system 620 uses wireless trans-
ceiver 621 to transmit the set of vehicle operation data to
driver analysis system 610. This process may be performed
frequently or may be performed only once each reporting
period. The transmission may be initiated by either vehicle
monitoring system 620 or by driver analysis system 610. The
vehicle operation data may include data describing eye move-
ment, acceleration, speed, braking, fuel consumption, loca-
tion, driving hours, maintenance, status of safety systems, as
well as potentially many other measures of driver behavior,
vehicle operation data, and vehicle diagnostics.

After driver analysis system 610 receives data for multiple
drivers or vehicles, it begins the process of generating a driv-
ing report for a particular driver, target driver/other entity 660.
In order to analyze the operation data and provide meaningful
and valid comparisons for target driver 660, driver analysis
system 610 may identify a peer group of drivers associated
with target driver 660. This peer group may be determined
based on selecting other drivers who drive similar types of
vehicles, have similar driving assignments, similar levels of
experience, drive in similar geographic areas, or other factors
which suggest useful comparisons. If a company wants to
perform a broader benchmark comparison of its drivers to the
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drivers of other entities, the data may also be shared such that
a peer group includes drivers which are employed by those
other entities.

Next, driver analysis system 610 processes the vehicle
operation data to determine driving performance of target
driver relative to driving performance of the selected peer
group based upon various types of operation data gathered.
Alternatively, an individual assessment may be made. One
example is rapid acceleration events. Through the course of
operation, vehicle monitoring system 620 and/or other
devices gather data each time the vehicle accelerates at a rate
which exceeds an expected or predetermined threshold. This
acceleration information may be gathered from the electronic
systems of the vehicle as reported through OBD port 681 or
may be gathered from accelerometer 623, or from another
device. While all drivers may have an occasional, legitimate
need to accelerate rapidly, a higher rate of these events may
suggest aggressive driving, excessive speed. or other unde-
sirable driver behaviors.

In this example, driver analysis system 610 determines the
rate of occurrence of rapid acceleration events for all drivers
in the peer driver group. For instance, this may be determined
as arate or an average number of rapid acceleration events per
time period of driving. Alternatively, it may be determined as
an absolute figure for a fixed time period, the number of rapid
acceleration events per week. Driver analysis system 610 then
determines the occurrence of rapid acceleration events for
target driver in the same manner. The performance of target
driver is compared to the average for the peer group. Target
driver’s performance may also be compared to other charac-
teristics of the peer group including, but not limited to, mini-
mum, maximum, best, and worst. Those skilled in the art will
recognize there are many other operational and behavioral
parameters which may be analyzed and many types of statis-
tical analysis which may be performed on the data. The inven-
tion is not limited to the specific examples provided above.

Based on the results of the analysis, driver analysis system
610 generates driving report 650 which identifies the driving
performance of the target driver and comparisons to the peer
group. Driver analysis system 610 transfers driving report
650 to one or more entities 660 for viewing by sending it over
network 680 or other means. Target driver and/or other enti-
ties 660 receive driving report 650 over network 680 through
a target device and view the report on that device.

The target device may be paper, a personal computer,
mobile phone, mobile internet terminal, or other type of elec-
tronic communication device. Driving report 650 may be
transmitted in the form of mail, email, text message, or dis-
played on a web page. Driving report 650 may also be incor-
porated into a software document, such as a MS Word file, a
PDF file, a Power Point file, or the like. In yet another
example, the analysis may be provided in a video format and
played-out to the user. An audio presentation of the analysis
may also be possible, such as by way of a voicemail message,
a phone recording, or the like.

Network 680 may include a wired or wireless network,
such as satellite, cellular, Wi-Fi, internet, Bluetooth-type,
near field communication-type, or any other type of network
or communication schema. Entity(s) 660 may include a
supervisor, driver, group, or other entities.

FIG. 7 illustrates driver analysis system 710 which is
exemplary of the driver analysis systems in previous figures.
Driver analysis system 710 is capable of receiving and pro-
cessing vehicle performance data for a vehicle driven by a
user, as well as other information from other database and
sources. Driver analysis system 710 processes the perfor-
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mance data to generate an analysis of the driving behavior of
the user. Driver analysis system 710 then provides a driving
report one or more entities.

Driver analysis system 710 includes communication inter-
face 711, user interface 712, processing system 713, storage
system 714, and software 715. Software 715 includes driver
analysis module 702. Processing system 713 is linked to
communication interface 711 and 712. Software 715 is stored
on storage system 714. In operation, processing system 713
executes software 715, including driver analysis module 702,
to operate as described herein.

Communication interface 711 comprises a network card,
network interface, port, or interface circuitry that allows stor-
age system 714 to obtain vehicle performance data. Commu-
nication interface 711 may also include a memory device,
software, processing circuitry, or some other communication
device.

User interface 712 comprises components that interact
with a user to receive user inputs and to present media and/or
information. User interface 712 may include a speaker,
microphone, buttons, lights, display screen, mouse, key-
board, or some other user input/output apparatus—including
combinations thereof. User interface 712 may be omitted in
some examples.

Processing system 713 may comprise a microprocessor
and other circuitry that retrieves and executes software 715,
including driver analysis module 702, from storage system
714. Storage system 714 comprises a disk drive, flash drive,
data storage circuitry, or some other memory apparatus. Pro-
cessing system 713 is typically mounted on a circuit board
that may also contain storage system 714 and portions of
communication interface 711 and user interface 712.

Software 715 comprises computer programs, firmware, or
some other form of machine-readable processing instruc-
tions. Software 715 may include an operating system, utili-
ties, drivers, network interfaces, applications, virtual
machines, or some other type of software, such as driver
analysis module 702. When executed by processing system
713, software 715 directs processing system 713 to operate as
described herein.

In operation, driver analysis module 702, when executed
by processing system 700, operates as follows. Driver analy-
sis module 702 directs computer system 700 to obtain vehicle
performance data for a vehicle driven by a user. For instance,
via communication interface 711, computer system 700 may
communicate with a system capable of providing driver,
vehicle, and operational data. It should be understood that
computer system 700 may communicate remotely or directly
with such an interface.

In another example, communication interface 711 may
merely gather positioning and time information from a posi-
tioning system on-board a vehicle. A vehicle may contain a
GPS unit capable of determining the vehicle’s location, and/
or other information from a smartphone or other devices. This
location information can be communicated to communica-
tion interface 711. Using the position and time information
gathered by communication interface 711, processing system
713 is able to derive performance information related to the
performance and operation of the vehicle.

It should be understood that the analysis may be provided
directly to the user by way of user interface 712, such as by
displaying the analysis on a display screen. However, it
should also be understood that the analysis may be provided,
by way of communication interface 711, to a user device
capable of presenting the analysis to the user. Driver analysis
system 710 may also be capable of indicating eye movement
and/or eye movement index.
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FIG. 8 illustrates travel log 800 which may be included in
a driving report. Travel log 800 includes a detailed listing of
trips made using the vehicle during the reporting period. The
listing includes start time, start address, stop address, dis-
tance, elapsed time, and average speed for each trip. Other
information describing the nature of each trip and the opera-
tional characteristics of the vehicle during that trip is also
possible. Travel log 800 also includes map 810 which visually
illustrates the route of each trip or trip segment on a map.

It should be understood that many advantages are provided
by the systems and methods disclosed herein for analyzing
driver performance and providing a presentation of the per-
formance Driver behavior can be altered via a feedback loop
that does not distract the driver. This may be referred to as
delayed feedback. While some past systems record incident
behavior—such as at the moment of a crash—the disclosed
systems and methods analyze behavior so as to reduce the
occurrence of such incidents in the future. It can be shown that
driving habits and behavior directly correlate to and are pre-
dictive of risk of collision or crash. Other patterns of behavior
relate to inefficient fuel consumption, route determination,
and excessive emissions. Thus, the disclosed systems and
methods can reduce the occurrence of accidents, improve
environmental factors, and reduce costs.

After extensive study of a large volume of drivers and
reported events of various types, it has been determined that
many aspects of driver behavior exhibit a ‘log-normal’ distri-
bution. A log-normal distribution is a probability distribution
of'arandom variable whose logarithm is normally distributed.
Strategies for comparing and ranking drivers must take this
into account. Linear normalization, histograms, and bell
curves will not reveal critical differences in driver perfor-
mance

Log-normal distribution may increase the driver’s confi-
dence in the system in that it will show most drivers as “above
average.” Since most drivers consider themselves above aver-
age, it will reinforce that belief, and the driver’s confidence in
the report and system.

A driver analysis module, such as module 702 described
above, may produce a scorecard that may provide three dif-
ferent perspectives on the behavior of a specific driver:

log normal ranking of each driver against a population of
other drivers for a given time interval for each metric
gathered by the vehicle monitoring system,

a trend of the absolute number of events for each metric
over an extended period of time,

an overall numeric score which weights various log normal
ranking of metrics

In one embodiment, the formula used for calculating a
Combined Weighted Score is as follows.

Combined Weighted Score [CWS] is a mathematical cal-

culation for a specific individual over a specific period of
time compared with a specific peer group know as a
SCOPE.

Each measured attribute (Hard Brakes, Rapid Starts, Over-
speed, etc.) has an individual score [IS] associated with
it for a given period of time related to a specific SCOPE.

Each IS has a weighted value [ISW] as it relates to that
specific SCOPE. Ditferent SCOPES may have different
ISW values.

This allows each and any SCOPE to have its own subset of
the Individual Scores and associated weighting in deter-
mining the Combined Weighted Score calculations.

Definitions

CWS.Scope(i)—Combined Weighted Score for all Indi-
vidual Scores (i.e. attributes) participating in the calcu-
lations in the Scope(i)
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CWS.Scope(1).Min=60 (Minimum score possible)

CWS.Scope(1).Max=100 (Maximum score possible)

IS (i,j)—Individual Score (j) for the Attribute(j) in the

Scope(i)

ISW(i,j)—Individual Score Weight(j) for the Attribute(j) in

the Scope(i). Units of measure: %

For each and any Scope(i) the following is always true:

SUM (ISW(1,)))=100%, where: j=1, m(i) AND m (i) is

number of the Individual Scores participating in the

Scope(i)

Combined Weighted Score Calculation
CWS.Scope(i)=CWS.Scope(i).Min+

(CWS.Scope(i).Max—CWS.Scope().Min)* (ISW
(L 1)*IS(E L HISWE2) M IS G 2)+ . .. + ISW(,
m()*IS(>E, m(7)))=CWS.Scope(i).Min+(CWS.S-
cope(i).Max-CWS.Scope(i).Min)*SUM
ASWG/*ISE)

Where: j=[1, m(i)] AND m (i) is number of the Individual
Scores participating in the Scope(i).

Implementation:

In create/edit scope UL, there is a table with 2 columns.

1st column: Name of the attribute available in the scope

2nd column: Individual Score Weight (ISW(i,j))

The SUMISW(1,j))=100% has to be enforced

Default behavior:

Hard Brakes=25%

Rapid Starts=25%

Speeding=25%

Night Driving=0%

1dling=25%

Average MPG=0%

Hard Driving=0%

The above description and associated figures teach the best
mode of the invention. The following claims specify the scope
of'the invention. Note that some aspects of the best mode may
not fall within the scope of the invention as specified by the
claims. Those skilled in the art will appreciate that the fea-
tures described above can be combined in various ways to
form multiple variations of the invention. As a result, the
invention is not limited to the specific embodiments described
above, but only by the following claims and their equivalents.

What is claimed is:

1. A method of operating a driver analysis system, the
method comprising:

receiving vehicle operation data from one or more moni-

toring systems, corresponding to operation of one or
more vehicles operated by one or more drivers by the
driver analysis system;

generating a driving report which identifies the driving

performance of a target driver; and

presenting the driving report for viewing by one or more

entities,

wherein the vehicle operation data comprises an indication

of eye movement index of the target driver,

wherein the performance of the target driver is compared to

a best, worst, and average of other of the one or more
other drivers.

2. The method of claim 1, wherein the eye movement index
is based atleast in part on one or more of characteristics of the
target driver, information associated with the location, and
information associated with eye movement of the target
driver.

3. The method of claim 1, wherein the driver analysis
system received data from other databases, and the driving
report is based at least in part on the data form other databases.

4. The method of claim 1, wherein the vehicle operation
data is received at a communication interface in the driver
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analysis system from the one or more monitoring systems
located generally adjacent the one or more vehicles.

5. The method of claim 4, wherein the one or more moni-
toring systems comprise an imaging device capable of deter-
mining eye movement of the one or more drivers.

6. The method of claim 4, wherein the one or more moni-
toring systems comprises at least one of an accelerometer,
GPS functionality, flash memory, a processor, a real-time
operating system, satellite communication capabilities, cel-
Iular communication capabilities, near field communication,
and Bluetooth-type communication capabilities.

7. The method of claim 1, wherein the one or more moni-
toring systems are powered from the OBD port of the vehicle,
and at least a portion of the vehicle operation data is gathered
from a source other than from the OBD port of the one or more
vehicles.

8. The method of claim 1, wherein the driving report com-
prises a safety score generally representing a level of safety of
the driving performance of the target driver.

9. A driver analysis system comprising:

a communication interface configured to receive vehicle
operation data corresponding to operation of a one or
more of vehicles operated by one or more drivers;

an imaging device configured to determine eye movement
of the one or more drivers;

aprocessing system configured to process at least a portion
of the vehicle operation data or the eye movement to
determine driving performance of the one or more driv-
ers, and generate a driving score which generally iden-
tifies the driving performance of the one or more drivers,
wherein the processing system is further capable of pre-
senting the driving performance for the one or more
drivers, and wherein the performance of the target driver
is compared to a best, worst, and average of other of the
one or more other drivers.

10. The driver analysis system of claim 9, wherein the
processing system is further configured to determine a eye
movement index based at least in part on the determined eye
movement of the one or more drivers.

11. The driver analysis system of claim 9, further compris-
ing a plurality of monitoring systems located generally adja-
cent the plurality of vehicles wherein the communication
interface is capable of receiving the vehicle operation data
from the plurality of monitoring systems.

12. The driver analysis system of claim 11, wherein each of
the plurality of monitoring systems is powered from an on
board diagnostic port on each of the plurality of vehicles and
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gathers at least a portion of the vehicle operation data from a
source other than the OBD port.

13. The driver analysis system of claim 12, wherein the
source other than the OBD port comprises at least one of an
accelerometer, GPS functionality, flash memory, a processor,
a real-time operating system, satellite communication capa-
bilities, cellular communication capabilities, near field com-
munication capability, and Bluetooth-type communication
capabilities.

14. A non-transitory computer readable medium having
stored thereon program instructions executable by a comput-
ing device that, when executed by the computing device,
direct the computing device to:

receive vehicle operation data corresponding to operation

of one or more vehicles operated by one or more drivers;
generate a driving report which identifies the driving per-
formance of a target driver; and

presenting the driving report for viewing by one or more

entities, wherein the vehicle operation data comprises an
indication of eye movement index of the one or more
drivers, and wherein the performance of the target driver
is compared to a best, worst, and average of other of the
one or more other drivers.

15. The computer readable medium of claim 14, wherein
the eye movement index is based at least in part on one or
more of characteristics of the target driver, information asso-
ciated with the location, and information associated with eye
movement of the target driver.

16. The computer readable medium of claim 15, wherein
the processor is further capable of receiving eye movement
data from an imaging device associated with one or more of
the one or more vehicles.

17. The computer readable medium of claim 14, wherein
the vehicle operation data is received at a communication
interface in the driver analysis system from one or more
monitoring systems located generally adjacent the one or
more vehicles.

18. The computer readable medium of claim 14, wherein
each of the plurality of monitoring systems is powered from
anonboard diagnostic port on each of the plurality of vehicles
and comprises at least one of an accelerometer, GPS func-
tionality, flash memory, a processor, a real-time operating
system, satellite communication capabilities, cellular com-
munication capabilities, near field communication, and Blue-
tooth-type communication capabilities.
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